Summary. Two series of experiments with the isolated perfused rat pancreas were performed in parallel. The conditions differed only with respect to temperature, which was 37.5 ~ in one series and 28 ~ in the other. The lowering of the temperature decreased insulin secretion induced by glucose as well as the insulin response to tolbutamide and acetylcholine. Unlike insulin, glucagon secretion was not significantly modified by hypothermia. Our results suggest that the mechanisms involved in glucagon and insulin secretion are different.
Equipe de Recherche Associ6e au CNRS n ~ 786
The perfusion medium was a Krebs-Ringer bicarbonate buffer containing purified bovine albumin (2 g/l) and glucose at different concentrations (0 to 3 g/l). A mixture of oxygen (93%) and carbon dioxide (7%) was bubbled through the medium at atmospheric pressure. The pH of the solution was about 7.3 (range 7.27-7.34).
Two experiments were performed in parallel on the same day and the experimental conditions differed only with respect to temperature. The pancreas and the perfusion fluid were maintained at 37.5 ~ or at 28 ~ The flow rate was about 2.4 ml/min (range 2.2-2.6). The arterial perfusion pressure was on average 35 cm H20 (range 31-40) at 37.5 ~ In the experiments at 28 ~ it was on average 2.5 cm higher (range 33-43).
In all experiments there was an equilibration period of 30 min. At the end of this period the first sample used for insulin and glucagon assays was collected. In the Figures, time is counted from the beginning of organ perfusion.
Insulin was assayed in the effluent from the pancreas using the radioimmunological method B of Hales and Randle [8] , with pure rat insulin from Novo Laboratories as the standard.
Glucagon was assayed according to the radioimmunological method of Unger et al. [14] using a specific antibody for pancreatic glucagon (30 K of Unger)~ Pork glucagon (Novo) was used as standard. Results, expressed in ng-equivalent, indicate the concentrations of pork glucagon which, within this system, are immunologically equivalent to rat glucagon concentrations in the assay.
Various substances were studied: glucose at different concentrations (0 g/l, 1.5 g/l, 3 g/l); tolbutamide (0.4 mmol/1) and acetylcholine chloride (0.5 ~mol/1) in the presence of glucose 1.5 g/l; acetylcholine chloride (0.5 ~mol/1) and L-arginine monohydrochloride (5 mmol/1) in the presence of 0.5 g/1 glucose.
The statistical comparisons were performed using the twotailed Student's t test.
Areas under the curves were calculated as follows: when samples were taken every min, insulin output rates (ng/min) were summed; when they were taken at various intervals of time we used linear interpolation.
Results

Effects of Glucose
In all cases, each pancreas was perfused for 45 min with a physiological fluid containing glucose at 1.5 g/1. Two experimental designs were used.
0012-186X/80/0018/0329/$01.00 In the first (Fig. 1, A) the pancreas was stimulated by a high glucose concentration (3 g/l) from the 45th min of perfusion. Insulin secretion induced by 1.5g/1 glucose was clearly less at 28~ than at 37.5 ~ (8.2 ng/min versus 41.4 ng/min). The response induced by 3 g/1 glucose was also much weaker at 28 ~ The insulin output rate at the first phase peak was 18% of that obtained at 37.5 ~ and it was only 8% at the 30th minute. In contrast, glucagon secretion at 28 ~ was not different from that observed at 37.5 ~ In the second experimental design ( Fig. 1 , B) 1.5 g/1 glucose was maintained in the perfusion fluid for 45 min; it was then withdrawn for 15 min. After this time, the glucose concentration was raised to 3 g/1. As in the preceding experiments, hypothermia strongly decreased glucose-induced insulin secretion. Furthermore, in the pancreases deprived of exogenous glucose for 15 min, stimulation by 3 g/1 glucose provoked a biphasic response at 37.5 ~ but at 28 ~ the B cell response was delayed.
Glucagon secretion was identical at both temperatures for the three glucose concentrations used. Not only were the glucagon output rates the same, but the kinetics were also identical.
Effect of Tolbutamide
In these experiments the pancreas was perfused with a medium containing 1.5 g/1 glucose, and 0.4 mmol/1 tolbutamide was infused for 30min (Fig. 2) . The response of the B cell to tolbutamide was greatly decreased at 28 ~ The A cell response was the same at both temperatures and was not modified by tolbutamide.
Effect of Acetylcholine
The effect of hypothermia on acetylcholine-induced secretion was studied in the presence of two glucose concentrations (1.5 g/1 and 0.5 g/l). Acetylcholine, 0.5 ~mol/1, was infused for 30 min. When the glucose concentration was 1.5 g/1 (Fig. 3 ) the insulin response to acetylcholine, although considerable, was less at 28 ~ than at 37.5 ~ At this glucose concentration hypothermia did not significantly alter the glucagon response to acetylcholine. At a glucose concentration of 0.5 g/l, glucagon output was greatly increased by acetylcholine (Fig. 4) . Glucagon release was biphasic and the pattern of both phases was similar at 37.5 ~ and 28 ~ a sharp first phase (5 min) followed by a less high but sustained second phase (25 min). The areas under the curves during the first and second phases were not statistically different at both temperatures.
At this glucose concentration (0.5 g/l), the insulin output rate was only 1.42 + 0.7 ng/min at 37.5 ~ and 0.43 + 0.1 ng/min at 28 ~ these values are not significantly different. The response to acetylcholine was transient (less than 5 min); the insulin output rate was 4.6 + 1.2ng/min at 37.5~ and 1.2 _+ 0.2 ng/min at 28 ~ during the second and third min of infusion with acetylcholine.
Effect of Arginine
In this set of experiments the perfusate contained only 0.5 g/1 glucose and 5 mmol/1 arginine was infused over 30 rain (Fig. 5) . Arginine did not modify the secretion of insulin. On the other hand, glucagon secretion was strongly stimulated by arginine at both temperatures, and the release was biphasic. The areas under the curves during the first and the second phase were not statistically different at both temperatures.
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Discussion
Lowering of the temperature strongly decreased the insulin output. This effect was seen for insulin secretion induced by 1.5 g/1 and 3 g/1 glucose alone and for the responses to tolbutamide and acetylcholine in combination with 1.5 g/1 glucose.
In contrast, glucagon secretion was independent of temperature in the range 28-37.5 ~ This was true both for stimulation by low glucose concentration, arginine and acetylcholine and for inhibition by high glucose concentrations.
The insulin stimulating action of exogenous substrates, particularly sugars, seems to be related to their metabolic activity [1, 2, 6] . Furthermore, the presence of glucose increases the insulin response to other stimuli, such as neuronal mediators, gut hormones, glucagon, arginine and hypoglycaemic sulphonylureas, which have little or no effect in the absence of glucose. A possible mechanism for hypothermia-induced suppression of insulin release may therefore be through a decrease in B-cell glucose metabolism.
If it may be assumed that the enzymes involved in glucose metabolism are modified in the same way by hypothermia in B and A cells, then our results suggest that glucose metabolism does not have a major effect in the control of A cell secretion. This hypothesis is in accordance with that put forward by Hahn and Ziegler [7] , who used non-metabolizable sugars and showed that the suppressive effect of Dglucose could also be demonstrated with L-glucose. The data reported by Matschinsky et al. [12] support the concept that A cells contain glucoreceptors which control glucagon secretion. It is well established that acetylcholine acts on membrane receptors. Gerich et al. [4] raise the possibility of an arginine-membrane receptor interaction and remark that arginine does not appear to be metabolized by islets.
Our results do not exclude the hypothesis that cAMP or ions may be involved in glucagon secretion. According to Pradhan and Criss [13] the activity of normal liver adenylate cyclase is clearly decreased only below 25 ~ It is possible that the agents we have studied alter adenylate cyclase activity in the same way at 28 ~ and at 37.5 ~ and thus modify glucagon secretion in a similar manner. Like other endocrine tissues the pancreatic A cell requires calcium for normal secretory function [5, 9] . A study of the effect of temperature [10] on calcium efflux from the islets of Langerhans shows that it is not altered at 30 ~ while it decreases progressively at 25 ~ and 20 ~ Thus it is unlikely that the lowering of the temperature to 28~ significantly modifies the movement of calcium.
In conclusion, our results show that pancreatic A and B cells show different behaviour when the tem-perature is decreased; this suggests that the mechanisms involved in glucagon and insulin secretion are different.
